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The method of microcontact spectroscopy in the superconducting state was used to investigate
weak nonlinearities of the current-voltage characteristics of point contacts made of Nb3Sn single
crystals. The nature of the spectrum of the electron-phonon interaction was found to vary consider-
ably from contact to contact, indicating considerable deviations of the composition of the surface of
Nb3Sn from stoichiometry. A correlation was established between the nature of the spectrum and
the magnitude of the gap singularities of the current-voltage characteristics. In the case of ”dirty”
high-resistance contacts with strong gap singularities the microcontact spectra were reasonably re-
producible, which made it possible to relate them sufficiently closely to the microcontact function of
the electron-phonon interaction in the bulk material. It was found that microcontact spectroscopy
of this interaction was possible in the superconducting state not only in dirty S − c − S contacts,
but also in dirty S − c−N contacts.
PACS numbers: 71.38.-k, 73.40.Jn, 74.25.Kc, 74.45.+c, 74.50.+r.
The phonon spectrum of intermetallics with the A-15
structure is exceptionally complex. It has been possible
to reconstruct the dispersion curves from the experimen-
tal data along the principal crystallographic directions
only in the case of Nb3Sn (Ref. [1]), because this mate-
rial can be obtained in the form of sufficiently large single
crystals. In the case of Nb3Sn only a calculation of the
dispersion curves along the [111] direction is available
[2]. The phonon spectrum and particularly the electron-
phonon interaction (EPI) in superconductors with the
A-15 structure is very sensitive to deviations from the
crystalline order and from stoichiometry. In this sense
the EPI function of such materials is extremely labile.
It has been pointed out in the literature [3], that there
is a correlation between the displacement of the ”cen-
ter of gravity” of the EPI function in the direction of
lower frequencies and the enhancement of superconduct-
ing properties.
We investigated the spectral functions of the EPI
in Nb3Sn obtained by differentiation of the low-
temperature nonlinear current-voltage characteristics of
microscopic electrical contacts made of this material. We
selected the following pairs of electrodes: Nb3Sn − Cu,
Nb3Sn−Nb3Sn, Nb3Sn−Mo. As demonstrated earlier,
[4] the second derivative of the current-voltage character-
istic of a contact of the N − c − S type (N is a normal
metal, S is a superconductor, and c is a constriction) is
proportional to a linear combination of the microcontact
EPI function of the electrodes on condition that eV  ∆
and the contribution of each electrode is inversely pro-
portional to the Fermi velocity. Since this velocity in
Nb3Sn is relatively low (v
Nb3Sn
F ∼ 107cm/ sec), we can
expect predominance of the contribution of the relevant
electrode to the characteristic observed in the case of
heterocontacts. If contacts of the S − c−S type are em-
ployed, the phonon singularities can be observed only in
the case of complete destruction of the superconductivity
in the constriction by some depairing centers [5].
Singularities of this type were observed by us for
Nb3Sn. We found that the EPI functions of Nb3Sn
recorded by microcontacts have maxima which are in
general agreement with the positions of the maxima
found from the tunnel effect. The relative amplitudes of
the maxima however, vary strongly from sample to sam-
ple, indicating a high sensitivity of the EPI to accidental
changes in the structure and composition of the investi-
gated material in a small region near a constriction. A
correlation was found between the EPI function at low
energies and the nonlinearity of the current-voltage char-
acteristics in the range of displacement of the order of ∆,
reflecting the contribution of the superconducting state
of Nb3Sn to the EPI spectrum.
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2I. PREPARATION METHOD
The Nb3Sn electrodes were single-crystal samples with
a natural faceting and of ∼ 1 mm size. The absence
of other phases from the bulk of a crystal was checked
by the x-ray diffraction method. The degree of purity
of the samples was characterized by the resistance ratio
R300/R20.4 ∼ 5 . Tbe crystal growth method was de-
scribed in Ref. [6]. Before mounting, these crystals were
polished chemically in a mixture of concentrated acids
(HF +HNO3+HClO4) taken in the volume ratio 1:1:1;
the polishing treatment lasted 30-40 sec and it was fol-
lowed by careful washing in distilled water. After drying,
the samples were soldered with indium to a special wire
holder.
The traditional method [7] was used to make elec-
trodes of high-purity Cu or Mo (R300/R4.2 > 1000 ).
The sample was mounted in a pressure device and placed
in a cryostat. Microcontacts were formed by the shear
method and the force pressing the electrodes to the an-
other was controlled outside the cryostat. The current-
voltage characteristics and their derivatives were deter-
mined by the usual modulation method.
II. EXPERIMENTAL RESULTS AND
DISCUSSION
In studies of nonlinear phenomena in the electrical con-
duction of metallic microcontacts it is always necessary
to take measures against the stray influence of the Joule
heating of the metal In the region where the current is
concentrated and this effect becomes significant when the
contact diameter is increased by a value of the order of
the inelastic electron relaxation length Λε. In the micro-
contact spectroscopy method it is therefore preferable to
study the EPI employing contacts with, if possible, large
resistances. Since such contacts have automatically the
smallest dimensions, the requirements in respect of the
purity and structural perfection of the surface layer of the
electrodes become extremely onerous. However, it is not
always possible to satisfy in practice these requirements
in respect of the Nb3Sn electrodes.
Deviations from stoichiometry and crystalline order
are obviously the cause of considerable variations of
the intensities of the peaks in the microcontact spectra
(which represent the dependences of V2 ∼ d2V/dI2 on V )
of the high-resistance Nb3Sn−Cu contacts shown in Fig.
1. All the spectra show a positive quantity (represent-
FIG. 1: Miciocontact spectra (V2 ∼ d2V/dI2) of pure
Nb3Sn − Cu contacts (H = 0, T = 6.3 − 6.8 K). Curves
1-4 represent contacts with resistances of 41, 388, 62, and 100
Ω. The inset shows the proposed model of a contact.
ing the voltage of the second harmonic of the modulating
signal), which indicates that they are in agreement with
the theory of Khlus [8] on condition that the contribution
due to the same dissipation processes as in the normal
state predominates. In other words, the nonlinearity due
to the energy dependence of the excess current is unim-
portant. The spectral bands occupy the energy range up
to 27-30 meV , which is in agreement with the calculated
results presented in Fig. 2. The absence of bands at
higher energies shows that the observed peaks are indeed
due to the EPI and not due to any stray factors (such as
3FIG. 2: Phonon dispersion curves ω(q) of Nb3Sn in the [111]
direction, found by calculation in Ref. [2]
destruction of the superconductivity).
It is known [7] that copper has its main band at
eV ∼ 16− 20 meV . This band is missing from the spec-
tra in Fig. 1. Consequently, the recorded spectra apply
to , which is to be expected because vNb3SnF /v
Cu
F  1 .
We must also draw attention to the fact that the back-
ground beyond the limits of the phonon spectrum is small
for the selected curves. This provides an indirect evi-
dence of the absence of the Joule heating for the sam-
ples in question because in the thermal limit the back-
ground level is high at eV  h¯ωmax. A maximum at
eV ∼ 2− 3 meV exhibited by some of the curves in Fig.
1 clearly corresponds to the energy in deeper supercon-
ducting Nb3Sn layers (inset in Fig. 1). Its intensity is
proportional to the contribution of the microcontact EPI
function of the superconducting modification of Nb3Sn
to the observed microcontact spectrum, which represents
the EPI characteristic averaged over the whole range of
concentrations of the current. Clearly, the higher the in-
0
0
0
FIG. 3: Microcontact spectra of dirty contacts in zero mag-
netic field:
1) Nb3Sn−Nb3Sn, R = 12 Ω, T = 4.2 K;
2) Nb3Sn− Cu, R = 45 Ω, T = 4.2 K;
3) Nb3Sn−Mo, R = 14 Ω, T = 5 K;
Curve 4 represents the tunnel function of the EPI in Nb3Sn
(Ref. [10]).
tensity of this maximum, the greater the intensity of the
low-frequency bands in the EPI spectrum. For example,
spectrum 1 in Fig. 1, which is entirely due to the nor-
mal layer on the surface of Nb3Sn, not only does not
have a low-energy maximum, but even exhibits a neg-
ative ”zero-point anomaly,” which is usual in the case
of normal metals [7]. In this case the EPI spectrum is
4concentrated entirely at high phonon energies.
The example of Nb was used by us in Ref. [5] to show
that the microcontact spectroscopy method can be ap-
plied to the superconducting state if the superconduc-
tivity in the contact region is greatly weakened, but the
thermal effect is still quite small. This situation arises if
some depairing centers are introduced into the region of
the constriction in the course of electrochemical prepa-
ration of the electrodes. The spectrum may then be dis-
placec partly to the negative range. Therefore, in such
”dirty” contacts we can expect a considerable enhance-
ment (compared with the N state) of the phonon singu-
larities and their intensities are then almost entirely due
to the energy dependences of the excess current.
The microcontact spectrum of such a dirty Nb3Sn −
Nb3Sn contact is represented by curve 1 in Fig. 3. The
superconductivity of this contact is suppressed only near
the center of the contact, so that in spite of the absence of
the dc Josephson effect and in spite of the smallness of the
excess current, the intensity of the gap singularity is par-
ticularly large. The shift of the spectrum toward lower
frequencies is associated with the latter circumstance. It
should be pointed out that similar spectra have been ob-
served earlier in the Nb3Sn−I−Cu tunnel contacts with
microscopic short circuits [9].
In many investigated Nb3Sn−Cu contacts the current
flow mechanism does not correspond to the lower limit,
as indicated by the low relative magnitude of the excess
current which does not exceed the, theoretical value for
dirty contacts. This cannot be associated with the sup-
pression of the superconductivity at the edges of the con-
tact, because the gap singularity in the contacts under
discussion has a large amplitude. Moreover, the form of
the spectrum is close to that observed for dirty S− c−S
contacts. A typical spectrum of a dirty Nb3Sn−Cu con-
tact is shown in Fig. 3 (curve 2). The same figure also
shows that a change of the metal used for the normal
electrode does not alter the spectrum (curve 3).
One of the possible factors which make the microcon-
tact spectroscopy of the EPI possible in the case of dirty
S − c−N contacts may be similar to that suggested by
us earlier [5] for S − c − S contacts. Its essence is as
follows: in the case of contacts with a spatially inhomo-
geneous distribution of impurities in the superconducting
electrode near a constriction the electrochemical poten-
tial of the Cooper pairs falls at distances shorter from
the center of the contact than the chemical potential of
the normal quasiparticles. This ensures the presence of a
steep step of magnitude eV exhibited by the nonequilib-
rium distribution function near the center of the contact,
known to be the necessary condition for the microcontact
spectroscopy method [7]. According to this hypothesis,
only the region of the contact on the superconducting
electrode side may be dirty, whereas the second (nor-
mal) electrode should then remain pure. Moreover, we
cannot exclude the possibility that a defect layer with
a low transparency may form at the boundaries of the
electrodes in the process of preparation and that elec-
tron tunneling takes place across the layer. In this case
the appearance of the phonon singularities in the current-
voltage characteristics or their derivatives in the super-
conducting state may be partly or completely due to the
tunnel effect.
The microcontact spectra shown in Fig. 3 are charac-
terized by a much higher reproducibility in respect of the
positions of the phonon singularities than those shown in
Fig. 1. Some variations among these more reproducible
spectra (curves 1-3 in Fig. 3) are obviously due to small
deviations from the stoichiometry on the surface of the
Nb3Sn electrodes. A comparison with the tunnel results
[10] (curve 4 in Fig. 3) shows that the microcontact spec-
tra exhibit particularly clearly the low-frequency singu-
larities and this is obviously due to the energy depen-
dence of the K factor. (In a rough approximation lor tne
N−c−N contact the microcontact function is divided by
the factor to obtain the equilibrium Eliashberg function
which describes very closely the tunnel spectrum of the
EPI. In the case of the microcontact spectra of Nb3Sn
this procedure cannot be applied because there is as yet
no theoretical basis for the dirty S−c−N contacts.) The
greatest similarity between the positions of the phonon
singularities and the tunnel data is exhibited by the mi-
crocontact spectrum of the Nb3Sn−Cu system (curve 2
in Fig. 3), although in the case of the latter there is an ad-
ditional high-frequency peak near the energy ∼ 30 meV ,
which however does not contradict the nature of the dis-
persion curves (Fig. 2). It is necessary to stress that the
tunnel results are obtained for film structures, in which
we cannot avoid interlayer contamination and which has
a considerable influence on the nature of the tunnel spec-
tra. In view of the fact that pure single-crystal Nb3Sn
electrodes were used in our experiments we may assume
that the microcontact spectra (Fig. 3) represent more
closely the real characteristics of the EPI in bulk Nb3Sn
than do the tunnel spectra.
The curves in Fig. 1 represent the contacts which in-
5clude superconducting regions with a considerable devi-
ation from stoichiometry accompanied by a fairly strong
weakening of the superconductivity. If we bear in mind
that the ballistic flow of the current takes place in these
contacts, we can postulate also that the nonsupercon-
ducting (at 4.2 K) phases Nb6Sn5 or NbSn2 are also
present in the constriction.
Consequently, the extreme lability of the EPI of this
material makes it very difficult to obtain reproducible
characteristics corresponding to the properties of the
bulk superconductor. Moreover, the anisotropic prop-
erties of the crystal structure of Nb3Sn can also have
some effect.
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